Abstract -RCS issues lead to problems of hundreds of thousands of unknowns as soon as the target gets greater than the wavelength. For computational limiting reasons, details of the coating cannot thus be meshed, even if they play a key role like in metamaterial design. Equivalent boundary conditions or effective medium approximation are then necessary. In this paper we consider spheres with plasmonic coatings. Exact and approximated RCS computations are compared over a broad range of RF frequencies.
I. INTRODUCTION
Metamaterials (MTM) are often introduced as media exhibiting anomalous constitutive material parameters, such as non-positive electric permittivity (ε) and/or magnetic permeability (μ). It is perhaps more relevant to consider them first as complex structures at the microscopic scale, that is to say in the microwave domain, at a much smaller scale than the wavelength of interest λ. Typical MTM structures are indeed composed of more or less complex-shape inclusions such as spheres, wires, resonators or even holes. As far as RADAR Cross Section (RCS) computations are concerned, meshing these inclusions to fit microscopic details would lead to unsolvable problems because target dimensions are much greater than λ. Consequently equivalent boundary conditions or equivalent material parameters are necessary. In this paper, we consider a textured PEC sphere as shown in Figure   Fig . 1: Periodically grooved PEC sphere. The grooves run along the ϕ direction so that the target has a rotational symmetry with respect to the z axis.
1. The structure can be regarded as an inner PEC sphere of radius 96.5 mm coated with a periodically grooved PEC spherical shell having a uniform thickness of 3 mm. Periodicity along z is d = 5 mm. The grooves have a constant width a = 1 mm and a variable depth h which goes from a minimum value of 3 mm to a maximum mean value of 12.8 mm. Strictly speaking, since h is not constant, the overlaying structure would be better referred to as pseudo-periodic rather than periodic. The grooves are either empty or filled with a dielectric of permittivity ε g . The target is assumed to rest in a standard air environment. In the following we shall be considering both TM-polarized (magnetic field H along the r-direction, see Figure 1 ) and TE-polarized (electric field E along the r-direction) incident plane waves propagating along the z-axis. RCS values are computed using a CEA home-made code (SHFC) involving the coupling of integral equations and finite volume elements. The code currently deals with 2-D axi-symmetric PEC targets and absorbing coatings.
II. RCS TARGET WITH PEC PLASMONIC COATING
Figure 2 (left) shows the zero incidence monostatic RCS of the textured PEC sphere compared to that of a plain PEC sphere having the same overall radius (96.5 mm), for frequencies over the range 100 MHz -42 GHz; the frequency step resolution is regular and equal to 1 MHz. Two regions of low RCS can be clearly identified, illustrating the fact that the PEC textured coating can act like a RADAR Absorbing Material (RAM) ( [1] ). The first low RCS region has a minimum at 5.8 GHz, which seems to correspond to the frequency location of a cavity waveguide mode inside the deepest groove: ω sp πc/(2h √ ε g ) with h = 12.8 mm and ε g = 1 for empty grooves.
This frequency would also be that of spoof surface plasmon polaritons on an equivalent flat PEC surface with regular 12.8 mm deep grooves ( [2] , [3] , [4] ). The second low RCS region extends from 21 to 25 GHz, with a minimum at 24.1 GHz, and seems to correspond to the frequency location of cavity waveguide modes inside a whole set of shallow grooves. Taking h = 3 mm, which is the depth of the central groove, leads to ν sp = 25 GHz, while taking h = 3.5 mm, which is the mean depth of the 10 th groove from the central position, leads to ν sp = 21.5 GHz. If our assumptions are correct, we would expect ν sp to be reduced by the factor 1/ √ ε g by merely filling the grooves with a dielectric of permittivity ε g . This characteristic behaviour is confirmed by the numerical results contained in Figure 2 (right). Returning to Figure 2 (left), a frequency domain of high RCS with a maximum located at 30 GHz is readily noticed. This phenomenon is clearly identified as the onset of the 1 st order scattering (ν sc = c/2d = 30 GHz) at the Brillouin zone boundary. Extending the computations up to 100 GHz would have revealed the 2 nd and the 3 rd order diffractions at 60 and 90 GHz respectively. Such diffractive effects are known to be related to photonic band gaps. As shown in Figure 2 (right), the frequency location of the 1 st order scattering does not depend on the refractive index n = √ ε g of the material filling the grooves.
III. RCS TARGET WITH NON PEC PLASMONIC COATING
For computational limiting reasons, it would be difficult to apply the exact processing presented so far to larger targets of more complex shapes. Besides, we have in mind the design of a RAM coating which would be made up of stacks of alternating thin layers of a ferromagnetic metal and a dielectric material, a topic which clearly belongs to the field of magnonic MTM. Going back to Figure 1 , one can easily imagine the architecture of such a coating.
Distances a and d would be of the order of a few micrometers and one would also have to take into account the finite electrical conductivity and the frequency dependent magnetic permeability of the ferromagnetic material. For all these reasons, a MTM approximation would be more suitable.
With this aim in view, we revert to the grooved PEC coating in Figure 1 , looking for an adequate effective medium approximation. The results contained in Figure 3 show that the 3 mm grooved PEC coating is rather well described by an anisotropic layer having the following set of characteristics: ε z = 5, ε r = ε ϕ = −∞, μ r = μ ϕ = 0.2, μ z = 1. The distinctive feature of this model is related to the fact that diamagnetism has been introduced along the r and the ϕ directions, following the arguments developed in [3] for periodically textured PEC bodies or in [5] for lamellar composite materials. A more straightforward homogenization, particularly with regard to μ r and μ ϕ , leads to the other set of characteristics, ε z = 5, ε r = ε ϕ = −∞, μ r = μ ϕ = μ z = 1, and an erroneous estimate of the RCS (green curve). 
IV. CONCLUSION
RCS computations represent an interesting approach to probe the behaviour of plasmonic-like coatings in the MHz-GHz spectrum. Manufacturing the 2-D axi-symmetrically grooved spherical target under investigation, using conventional machining processes, should not be difficult. We should then be able to proceed to RCS characterizations in a standard anechoic chamber and compare experimental results to the preceding numerical simulations. So far, for frequencies belonging to the range 100 MHz -12 GHz, our results are in good agreement with the metamaterial effective medium approximation developed in [3] .
